Zinc oxide has been used for many applications, for example optoelectronic devices, ceramics, catalysts, pigments, varistors and many other important applications. In this study, ZnO nanoparticles were synthesized by mixture of fuel approach in solution combustion method. Mixtures of urea, glycine and citric acid were mixed at room temperature with Zinc nitrates as fuels resulting in spontaneous ignition resulting in production of ZnO nanopowder. The crystal structure and size of the synthesized powder were determined by X-ray diffractometer (XRD), which revealed that the synthesized ZnO nanopowder has the pure wurtzite structure having crystallite size 26-40 nm. Optical studies of nanomaterial were examined by FTIR and UV-Visible absorption spectrum. The luminescence studies also investigated in the visible region 360-800 nm with excitation 325 nm laser. These nanomaterials may be used in solid-state lightening devices.
Introduction
Nanoscale ZnO powder has attracted great attention due to its excellent physical and chemical properties they are widely used in nanoscale devices such as nanogenerators [1] , ultraviolet photodetectors [2] , gas sensors [3] , solar cells [4] , field emission displays [5] , electrical and optical devices [6, 7] , photocatalysis [8, 9] , medical [10] and environmental applications [11] . These nanomaterials have novel electronic, structural and thermal properties which have potential interest in basic and applied research. ZnO is a wide bandgap (E g = 3.37 eV) semiconductor some basic properties listed in Table 1 [12] .
Semiconductor nanocrystals or nanoparticles may have superior optical and antibacterial properties than bulk crystals due to quantum confinement effects and the large surface to volume ratio. The synthesis and properties of ZnO nanostructure such as nanowires [13] , nanotubes [14] , nanorods [15] and nanoparticles [16] have been reported. The nanoparticles have great significance as three dimensional confined systems bridging the gap between bulk materials and molecular compounds. A variety of techniques have been employed for the synthesis of ZnO nanoparticles such as sol-gel synthesis [17] , the hydrothermal method [18] , the solution combustion method [19] and solid state reactions [20] . Among these, the combustion technique is noteworthy as a fast method to synthesize nanocrystalline materials in as-synthesized form with large surface area without the further need of heat treatment. Nanocrystalline oxides are produced through the redox reaction between an oxidizer containing the metal precursor and anorganic fuel at a moderately low initiation temperature of around 350-600°C within a few minutes [21] . The main advantage of this method is that the high temperature of the exothermic reaction assures high purity and well crystallized powder. In combustion synthesis, the type of fuel and the fuel to oxidizer ratio (F/O) play critical roles in influencing the nature of combustion reaction and the flame temperature. Selection of a suitable fuel and the F/O ratio influences the combustion process and the properties of the product. The F/O ratio of unity is known to produce highest exothermicity with complete combustion. An arbitrary ratio of fuel to oxidizer (F/O-1) sometimes leads to formation of intermediate phases raw materials in the final product [22] . In this regard, various fuels have been tested to synthesize nanocrystalline ZnO. Sousa et al. [23] used metallic nitrate and urea to synthesis ZnO nanopowder with a size about 400-500 nm for various applications. Hwang et al. [24] worked on ZnO nanopowder synthesized by a combustion method with glycine as a fuel and metal nitrate mixed in a stoichiometric ratio.
In the present work, we report the synthesis of nanocrystalline ZnO powders by combustion technique using new, eco-friendly and cost-effective organic fuels as urea, glycine and citric acid. The effect of fuel in different ratio of two fuels combinations on the properties of the final product has been studied. The structure and luminescence properties of ZnO nanoparticles are also being studied in this work. 
Experimental

Preparation of ZnO nanoparticles
Synthesis of ZnO NPs the different materials were used such as zinc nitrate, urea, glycine, and citric acid. Table 2 shows the characteristic of the raw materials. The chemical reaction used in synthesis of ZnO powder are given in Table 3 .
The zinc nitrate hexahydrate and fuel were dissolved in 5 ml of double distilled water and stirred thoroughly to obtain a transparent solution, which was placed inside a preheated muffle furnace at 600°C to initiate the combustion process. Within a short time the mixture ignited with a flame and the rapid evolution of enormous amounts of gases produced a voluminous foamy product (ash). This was ground using an agate pestle and mortar to produce the final powder, without any additional heat treatment. The fuels used in this synthesis have different combination of fuels and shown in Table 4 .
The synthesis process of ZnO NPs is illustrated in Figure 1 . Table 3 .
Raw materials Formulation Molecular weight (g/mol) Manufacturer
Chemical reaction in combustion synthesis of ZnO using different fuels [25] . 
Characterization method
The prepared ZnO-NPs were characterized by X-ray diffraction (XRD) using advanced Bruker D8 diffractometer with Cu K α radiation was carried out to check up the crystal structure. The bond characteristics studies using FTIR-8400S. The Optical transmittance spectra were collected using a UV-Vis-IR spectrophotometer (Perkin Elmer, lambda 950). The photoluminescence (PL) data was recorded using 325 nm He-Cd laser system.
Results and discussion
X-ray diffraction pattern
The XRD patterns of the ZnO powders synthesized using mixed fuels is depicted in Figure 2a and b and are typical of ZnO powders having the hexagonal wurtzite structure (JCPDS 01-036-1451). This indicates that the ZnO was formed directly by the self-propagating high temperature exothermic combustion reaction initiated at moderate temperature. The crystallize size varied from 30 to 70 nm with different fuels contents. UC2 and UG3 show the wurtzite ZnO structure without any impurity peak in the XRD pattern. All three fuels resulted in nanocrystalline powders, but the crystallite size varied significantly with the type of fuel. The effect of the type of fuel, and the F/O ratio in the case of urea, on the properties of the final product also has been studied in our previous research article [25] .
Fourier transform infrared spectroscopy (FTIR)
The FTIR spectrum of ZnO is shown in Figure 3 . The broad band with very low intensity at 3466 cm −1 corresponding to the vibration mode of water OH group indicating the presence of small amount of water adsorbed on the ZnO nanocrystal surface during synthesis. A strong band at 482-455 cm −1 is attributed to the Zn-O stretching band. The bond related to C=O and other are shown in Table 5 . 
UV-Visible absorption spectrum
The UV-Vis reflectance spectra of the ZnO nanomaterial synthesized using different fuels are shown in the inset of Figure 4a and b, and the corresponding absorbance spectra are calculated using the Kubelka-Munk function [26] :
where K is the reflectance transformed according to Kubelka-Munk, h is Planck constant, is the light frequency, and R is reflectance (%). The relevant increase in the absorption at wavelengths less than 400 nm can be assigned to the optical band-gap absorption of ZnO due to changes in their morphologies, particle size and surface microstructures or the quantum confinement effect [27, 28] . The absorption edges are change with fuels as taken to synthesis ZnO. ZnO has a direct transition and the corresponding bandgaps for different mixed fuels shown in Figure 5a and b respectively are calculated from a Tauc plot of (αhν) 2 versus the photon energy (hν). These bandgap values blue shifted little 3.08 to 3.2 eV relative to the zinc oxide nanomaterial.
Photoluminescence study
The photoluminescence properties of semiconductor materials undergo change when their size gets down to nanometer scale known as the quantum size effects. The photoluminescence originates from the recombination of surface states. Figure 6a and b shows the photoluminescence spectra of ZnO powder synthesis by different fuels with excitation wavelength of 325 nm at room temperature. The spectra exhibits two emission peaks, One is located at around 384 nm (UV region) corresponding to the near-band-edge emission [29] which originates from free exciton emission and the other peak corresponding to ionized oxygen vacancies [30] with change for different fuels. High intensity oxygen vacancies peak at 632 nm is obtained for ZnO nanoparticle synthesis by urea with citric acid and band to band peak is eliminate. UC2 shows maximum band edge intensity and ZG3 shows maximum defect related emission.
Conclusions
ZnO nanomaterials were successfully synthesized by the combustion method using different fuels ratio. The XRD patterns were consistent with polycrystalline ZnO having the hexagonal wurtzite structure. The ZnO NPs size changed for different fuels with the minimum crystallite size of 26-40 nm obtained by using Glycine, citric acid with Urea at different ratio. The chemical band study shows that OH group has least intensity at higher Urea content. There is little change observed in bandgap with different fuel contents. In the ZnO powder synthesized with different 
